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INTRODUCTION: 


Breast  cancer  is  the  most  common  malignant  cancer  among  American  women  and  the  second 
leading  cause  of  cancer  death  in  women.  These  fatalities  are  due  to  the  ability  of  later  stage  tumors  to 
metastasize  to  distant  sites  in  the  body  and  form  secondary  tumors  (1,  2).  It  is  now  well  established 
that  the  development  of  cancer  requires  multiple  genetic  alterations  (3).  In  recent  years,  the 
systematic  analysis  of  genetic  alterations  in  human  cancers  has  revealed  that  individual  tumors 
accumulate  an  average  of  ninety  mutant  genes  (4).  However,  the  significance  of  most  acquired 
mutations  in  the  development  of  cancer  remains  unknown.  A  key  to  deciphering  the  complexity  of  the 
cancer  genome  is  to  identify  which  mutations  actually  drive  tumor  development  and  progression  to 
metastasis.  These  causative  mutations  and  the  pathways  they  affect  are  likely  the  effectors  we  must 
target  with  therapeutics  to  treat  cancer.  Thus,  novel  high  throughput  strategies  are  needed  to  identify 
and  functionally  characterize  cancer  genes.  An  effective  approach  to  decipher  the  functions  of  human 
genes  and  test  the  role  of  these  mutated  genes  in  disease  is  to  systematically  mutate  the  orthologous 
genes  in  a  mammalian  model  organism.  This  approach  has  not  been  feasible  due  to  a  lack  of  a  large 
collection  of  mouse  mutant  strains.  The  completed  mouse  genome  sequence  has  revealed  that  99% 
of  human  genes  have  orthologs  in  the  mouse  (5).  Many  developmental  processes,  signal 
transduction  and  regulatory  pathways,  anatomical  structures,  and  physiological  and  behavioral 
characteristics  are  also  well  conserved  from  mice  to  humans.  To  facilitate  genome  scale  genetic 
analysis  of  human  genes  and  to  identify  and  verify  human  disease  genes,  we  have  initiated  a  large- 
scale  mouse  mutagenesis  program  at  the  Institute  of  Developmental  Biology  and  Molecular  Medicine 
(IDM)  at  Fudan  University,  Shanghai,  China.  This  project  has  led  to  the  establishment  of  more  than 
5,000  mutant  mouse  strains  with  genetically  defined  single  gene  mutations  utilizing  the  piggyBac  ( PB ) 
transposon  system  (6).  Among  these,  we  have  identified  seventy  strains  for  which  the  orthologous 
human  gene  has  been  found  to  harbor  mutations  in  breast  cancer  genome  sequencing  studies.  We 
performed  a  screen  to  test  the  roles  of  these  seventy  genes  in  mammary  tumorigenesis  in  the  MMTV- 
PyVT  transgenic  mouse  model  and  here  report  the  preliminary  results. 


BODY: 


Hypothesis:  If  a  gene  drives  human  breast  cancer  when  mutated,  then  a  mouse  strain  that  contains 
a  PB  insertional  mutation  in  that  gene  will  influence  mammary  tumor  growth  and  metastasis  in  the 
MMTV-PyVT  sensitized  background. 

Objectives: 

(1)  To  use  our  collection  of  PB  mutant  mouse  strains  to  identify  and  characterize  which 
mutations  from  human  breast  cancer  samples  are  drivers  of  tumor  initiation  and  progression. 

Using  the  MMTV-PyVT  mouse  breast  cancer  model,  we  performed  a  screen  to  test  the  roles  of 
seventy  breast  cancer  genes  with  PB  insertional  mutant  mouse  lines.  Each  PB  mutant  mouse  line 
carries  a  mutant  gene  corresponding  to  a  human  ortholog  mutated  in  human  breast  cancer.  We  found 
that  23  genes  altered  breast  tumor  onset  and  four  genes  affected  metastasis.  Among  the  23  genes, 
two  of  them,  Trim33  and  Ahrr,  have  been  recently  reported  as  tumor  suppressors,  demonstrating  the 
effectiveness  of  our  screen  (7,  8).  We  have  examined  the  transcripts  affected  by  the  PB  insertion  in 
these  strains  and  found  that  sixteen  of  them  have  significant  reduction  of  expression  while  one  has 
increased  expression.  We  then  examined  the  dissected  mammary  pads  and  lungs  from  the  MMTV- 
PyVT/  PB  insertion  mouse  strains  and  confirmed  either  the  enhanced  tumor  growth  or  metastasis 
phenotypes. 


4 


(2)  To  choose  four  genes  from  our  preliminary  screen  for  follow-up  study  of  the  mechanisms 
underlying  their  role  in  breast  cancer. 

To  date  we  have  performed  confirmatory  experiments  with  two  novel  breast  cancer  genes,  Grik3  and 
HadHB,  which  have  been  reported  to  be  involved  in  metabolism.  The  Grik3  gene  encodes  a  subunit 
of  glutamate  receptor  (also  called  kainate  receptor).  We  have  generated  a  viral  expression  system  for 
Grik3  overexpression.  Using  this  system  we  demonstrate  that  overexpression  of  Grik3  in  NIH3T3-V- 
Ras  cells  suppresses  cell  proliferation  and  anchorage-independent  growth  (Figure  1A-B).  The  kainate 
receptor  is  a  ligand-gated  ion  channel  which  Grik3  functions  to  negatively  regulate.  Accordingly, 
overexpression  of  Grik3  in  NIH3T3-v-Ras  cells  results  in  an  decrease  of  Ca++  concentration  within 
cells  and  may  activate  caspase  3  cascade  to  induce  apoptosis  (data  not  shown). 


A. 


MTT  Assay 


B. 


Figure  1.  Grik3  overexpression  suppresses  oncogenic  phenotypes.  A.  Cell  number  as 
assayed  by  MTT  assay  is  plotted  over  time  in  NIH3T3-v-Ras  paternal  cells  (black  circle), 
NIH3T3-v-Ras  pMSCV-puro  (blue  square),  or  NIH3T3-v-Ras  pMSCV-Grik3  (red  triangle)  B. 
Average  colony  number  in  NIH3T3-v-Ras  pMSCV-puro  cells  (left)  or  NIH3T3-v-Ras  pMSCV- 
Grik3  (right)  in  soft  agar  assay. 


HadHB  encodes  the  p-subunit  of  the  mitochondrial  trifunctional  protein  (TFP),  which  catalyzes  the  last 
three  steps  of  mitochondrial  p-oxidation  of  long  chain  fatty  acids.  We  have  also  generated  a  viral 
expression  system  for  HadHB  and  demonstrated  that  overexpression  of  HadHB  in  NIH3T3-v-Ras 
cells  suppresses  cell  proliferation  (data  not  shown). 

We  will  continue  to  use  tissue  culture,  biochemistry,  and  molecular  biology  experiments  to  further 
explore  the  underlying  molecular  mechanisms  of  how  these  and  additonal  genes  identified  in  the 
screen  drive  breast  cancer  development  and  progression.  The  next  phase  of  experiments  will  focus 
on  how  disruption  of  metabolism  contributes  to  tumor  development  and  progression. 
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KEY  RESEARCH  ACCOMPLISHMENTS: 


•  Screening  PB  mutant  mouse  strains  we  identified  23  genes  that  altered  breast  tumor 
onset  and  four  genes  that  affected  metastasis. 

•  Confirmed  that  two  of  the  identified  genes  Grik3  and  HadHB  demonstrate  properties  of 
tumor  suppressor  genes  in  tumorigenic  assays. 

REPORTABLE  OUTCOMES: 


Animal  Models: 

We  have  established  PB  insertional  mutation  lines  for  23  genes  that  influence  tumor  onset  in  the 
MMTV-PyVT  background. 

CONCLUSION: 


In  summary,  our  PB  insertional  mutation  strains  have  allowed  us  to  rapidly  functionally  test  and 
identify  a  collection  of  novel  breast  cancer  driver  genes.  Our  approach  has  been  validated  by  the 
independent  verification  of  two  of  the  identified  genes  from  our  screen,  Trim33  and  Ahrr,  by  other 
groups  (7,  8).  We  believe  that  our  innovative  approach  provides  an  effective  in  vivo  assay  to 
distinguish  breast  cancer  driving  mutations  from  those  that  are  merely  bystanders.  Consequently,  we 
have  verified  two  additional  genes,  Grik3  and  HadHB,  as  breast  cancer  tumor  suppressor  genes. 
Both  these  genes  function  in  cellular  metabolism,  and  thus  we  may  have  identified  a  novel  class  of 
breast  cancer  driver  genes.  Future  work  will  mechanistically  dissect  how  the  disruption  of  cellular 
metabolism  through  loss  of  these  genes  drives  tumor  growth  and  progression.  These  experiments 
should  provide  important  information  towards  the  development  of  novel  therapeutic  strategies. 
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